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Abstract—Although the Generation of ’98 writers represents a group of renown Spanish novelists, 
philosophers, essayists and poets active during the 1898 Spanish-American war, no previous studies have 
attempted to analyze the diverse linguistic and stylistic features employed by such writers. This study aims to 
use computational stylometry to detect hidden stylistic and linguistic patterns employed by three Generation 
of ’98 writers, namely Pío Baroja, Vicente Blasco Ibáñez and Miguel de Unamuno. We employ a large corpus 
comprising 1,702,243 words representing nineteen works by the three writers. Several rigorous criteria were 
satisfied in designing the corpora such as authorship, genre, topic and register. Concordance, wordclouds, 
consensus trees, multidimensional and cluster analyses were performed to reveal the different stylistic and 
linguistic patterns used by the three writers. Although we focus solely on the use of the word “árabe”, we show 
that computational stylometry techniques can be used to help detect hidden stylistic and linguistic patterns 
employed by different writers. This result is significant since it can help the reader navigate across various 
possibilities of expressions and terminologies employed by different writers.  
 
Index Terms—corpus linguistics, Generation of ’98, stylometric analysis, concordance, consensus trees 
 
I.  INTRODUCTION 
Generación del 98 or Generation of ’98 represents a group of Spanish novelists, philosophers, essayists and poets 
active during the 1898 Spanish-American war. Outstanding figures of this group include the novelists Pío Baroja (1872-
1956), Vicente Blasco Ibáñez (1867-1928), and Ramón María del Valle-Inclán (1866-1936), the philosophers Miguel de 
Unamuno (1864-1936) and José Ortega y Gasset (1883-1955), and the poets Antonio Machado (1875-1939) and 
Manuel Machado (1874-1947), among others. The disastrous defeat of Spain in the 1898 war, which resulted in the loss 
of its last colonies, prompted many writers and philosophers to embark on a soul-searching journey aiming at 
identifying Spain’s ills and problems. Ramsden (1974, p. 465) argued that the Generation of ’98 is a generation of 
“protest against the social, moral and intellectual state of Spain.” Padreira (1929, p. 315) states that this generation 
aimed to “responde a la necesidad surgida ante la crisis de ideales de toda Europa en los últimos años del siglo XIX/to 
respond to the need arising from the crisis of ideals throughout Europe in the last years of the nineteenth century.”  
Although the Generation of ’98 had shown diverse linguistic and stylistic features, all writers and thinkers who 
belong to the group had in common a desire to restore the purity and authenticity of the medieval Golden Age in Spain 
(Entralgo, 1945). Restoring Spain’s glory had drove the Generation of ’98 writers and thinkers towards utopias, solitude, 
and individualism. In so doing they enabled the ordinary people to reassess their own values within the context of the 
modern world.  
Computational stylometry plays a major role in the study of style, linguistic analysis and lexicography (Sinclair, 
1984). Chapelle (2001, p. 38) states that this relatively new field of study has resulted in creating a “corpus revolution.” 
Hultsijn (1992) argued that a corpus, as opposed to a dictionary, typically calls for deeper processing that enhances the 
learning process. Miangah (2012) argued that computational stylometry can be used successfully in determining 
collocations, sub-categorizations, word clusters, which ultimately can be used to validate linguistic hypotheses. Baker 
(2006) claims that computational stylometry techniques can help formulate new research questions, identify linguistic 
norms and outliers and remove bias. A major trend in computational stylometry has been the use of corpora in language 
learning (Miangah, 2012), technical writing (Noguchi, 2004), and translation (Frankenberg-Garcia, 2012).  
This study is organized as follows. The next section reviews relevant literature. The following section deals with the 
methodology employed to conduct the analysis. The subsequent section presents empirical results. Finally, the article 
sets out some implications and deals with research limitations. In this section we also explore avenues for future 
research. 
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II.  LITERATURE REVIEW 
Several studies have used stylometric techniques to investigate stylistic and linguistic differences among authors 
and/or texts. For example, using computational stylometry, Botz-Bornstein and Mostafa (2017) analyzed and compared 
stylistic and linguistic differences in analytic and continental philosophical texts. The authors found that texts belong to 
each school are distinct stylistically. The authors also concluded that philosophical thought depends on language. 
Similarly, Nelson (2005) investigated the usage of the terms “global”, “international” and “local” in a specialized 
English corpus. Results revealed a distinct pattern in usage since the term “global” often collocated with phrases like 
“business activities”, whereas “international” collocated with phrases like “companies and institutions.” On the other 
hand, the word “local” collocated mostly with “non-business” terms. The author argued that although the three terms 
belong semantically to the same class, the word “local” is used usually with non-business activities as compared to the 
other two terms. In a similar vein, Sayoud (2012) employed a computer-assisted stylometric analysis to investigate 
“author discriminability between the Holy Quran and prophet’s hadith.” The author concluded that the two texts are 
stylistically and linguistically distinct and cannot be written by the same “author.” 
Stylometric techniques have also been employed to detect traces of lexical idiosyncrasies and/or translators’ 
fingerprints. For example, using computational stylometric methods, Rybicki and Heydel (2013) successfully 
determined the chapter in which one translator took over from the other in a corpus of Polish translations of Virginia 
Woolf’s novels. Similarly, Forsyth and Lam (2014) investigated authorial discriminability in 144 letters written to 
Vincent van Gogh by his brother Theo when translated from the original French into English. Based on a corpus 
comprising Chinese translations of James Joyce’s Ulysses, Wang and Li (2012) investigated translator’s style and use of 
specific linguistic patterns. Results revealed that translators usually “leave some traces of lexical idiosyncrasies that 
may be detected by analyzing translation corpora.” Similarly, Li, Zhang and Liu (2011) used stylometric techniques to 
detect stylistic differences among different translators of a classical Chinese novel. The authors argued that such 
differences in style might be attributed to the socio-political, cultural and ideological perspective taken by the translator. 
Other studies have investigated translators’ words choice (Saldanha, 2011) and disfluencies (Straniero-Sergio & Falbo, 
2012). 
Moreover, stylometric techniques have been used to test stylistic and linguistic hypotheses such as the simplification 
and the normalization/conventionalization hypotheses. For example, Laviosa (2002, 2011) argued that lexical variety 
and lexical density are both lower in translated corpora as opposed to original texts corpora. Several studies in different 
languages have replicated this finding, including Chinese (Xiao, He, & Yue, 2010) and Spanish (Corpas-Pastor, 2008). 
Several authors have also used computational stylometry to investigate the normalization/conventionalization 
hypotheses in translated texts in a corpus. For example, Puurtinen (2003) found that translated corpora tend to conform 
to more conventional rather than creative target strings. 
Parallel corpora have also been used extensively to detect stylistic and linguistic differences among different 
languages. For example, in a stylometric analysis of medical French and English corpora, Deleger, Merkel, and 
Zweigenbaum (2009) found that even a single English term like “lifelong” may be rendered into French by a whole 
phrase such as “qui dure toute la vie.” In a similar vein, Simo (2011) investigated stylistic differences in “blood” 
metaphors between Hungarian and English languages. The author found remarkable difference in usage patterns, 
frequency and connotation and of blood-based metaphors cross-culturally. Other studies using parallel corpora include 
Schmied’s (1998) study comparing stylometrically the German proposition “mit” to the English “with”, Cosme and 
Gilquin’s (2008) study also comparing the use of the French “avec” to the English “with” in the Poitiers-Louvain 
Échange de Corpus Informatisé and Perez-Guerra’s (2012) study focusing on the translation of the English existential 
term “there” into Spanish. 
From this brief literature review we find that although numerous studies have used computational stylometrics to 
investigate stylistic and linguistic patterns, virtually no studies have focused on examining the diverse linguistic and 
stylistic features employed by the Generation of ’98 Spanish writers. 
III.  METHODOLOGY 
A.  Corpus 
Cermak (2010) argued that a balanced corpus is essential in stylometric studies. In this study we employ a large 
corpus comprising 1,702,243 words representing nineteen works by the three writers as shown in Table 1. Several 
rigorous criteria were satisfied in designing the corpora such as authorship, genre, topic and register (Biber, 1993). The 
creation of our corpora was facilitated by the availability of vast amount of electronic texts online. The Baroja corpus 
included 384,957 words, the Ibáñez corpus included 1,118,883 words, while the Unamuno corpus included 198,403 
words. The size of our corpora is larger in size than other corpora reported in published studies, including Ferrero’s 
(2011) study (692, 751 words), Merakchi and Rogers’ (2013) study (288, 306 words, and Grabowski’s (2013) study 
(705, 460 words). 
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TABLE 1. 
CORPORA SUMMARIES 
Author 
Corpus size 
Baroja 
384,957 words 
Ibáñez  
1,118,883 words 
Unamuno 
198,403 words 
Works included El aprendiz de conspirador 
Los Caminos del Mundo 
Los Caudillos de 1830 
Con la Pluma y con el Sable 
Los Contrastes de la Vida 
Las Furias 
Mala Hierba 
La araña negra 
Arroz y tartana 
La Catedral 
Los enemigos de la mujer 
Entre naranjos 
La horda 
La maja desnuda 
Abel Sánchez: Una Historia de 
Pasión 
Amor y Pedagogía 
Niebla 
La Tía Tula 
Tres novelas ejemplares y un 
prólogo 
Medium Written Written Written 
Subject Literature Literature Literature/Philosophy 
Language Spanish Spanish Spanish 
 
B.  Procedures 
Having compiled the Generation of ’98 Spanish writers corpora, we focused on preparing the texts for analysis. We 
started by transforming the original texts html format into plain text format. This step is a prerequisite needed by the 
text analysis software packages used. All statistical analyses were conducted using both the R Stylo package 0.5.2 (Eder, 
Rybicki, & Kestemont, 2013) and the AntConc 3.3.5 software (Anthony, 2012). These software packages were selected 
because of their extensive tools that can be used to handle clusters of words and lexical bundle analyses. Since they 
include powerful concordance and frequency generators, the packages can also identify hidden patterns in textual data.  
IV.  RESULTS 
A.  Frequency Lists 
Analyzing a corpus usually stars with generating a word frequency list or simply an incremental count of words in a 
corpus. Some authors have argued that albeit its simplicity, such approach can provide useful insights regarding the 
topic analyzed (O’Leary, 201). Similarly, Barlow (2004, p. 207) stated that this step is probably “the most radical 
transformation of a text used in linguistic analysis.” We started by creating frequency lists for the three corpora. Figure 
1 shows an example of a histogram for the most frequent terms found in Miguel de Unamuno’s corpus.  
From figure 1 it is clear that Miguel de Unamuno’s corpus is dominated by words such as “que” (7900 times), “los” 
(1656 times), “con” (1581) times, “por” (1463 times), etc.  Romer and Wulff (2010) argued that frequency lists might 
be more useful compared to alphabetical order lists. This is because the latter usually results in creating a list of function 
words like “los”, “las”, or “les”, which do not really provide much information about the essence of the corpus. Based 
on the word frequency lists a type to token ratio may be calculated. This allows for the creation of a lexical variety 
index in the corpus. It should be noted, however, that such an index is extremely sensitive to corpus length (Kenny, 
2001). Figure 2 shows a wordcloud of Miguel de Unamuno’s corpus. A wordcloud or a tag cloud is a visual device 
indicating the frequency of occurrence of a specific word in a document. The higher the frequency of a word, the larger 
will its presence in the wordcloud.  
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Figure 1. Most frequently used words in Miguel de Unamuno’s corpus 
 
 
Figure 2. Wordcloud for Miguel de Unamuno’s corpus 
 
B.  Concordances 
Some authors have noted that the context in which a word is used in a corpus makes the reader aware of several 
linguistic issues, such as frequency-issues, phraseology, register and pragmatics. Such issues are generally not well-
documented by traditional dictionaries (Aston, 1999). Contextual word use in a corpus is known as concordance. 
Barnbrook (1996, p. 65) noted that concordance aims to “place each word back in its original context, so that the details 
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of its use and behavior can be properly examined”. Key word in context (KWIK) is usually used to present a certain 
term.  
Figure 3 shows three examples of concordances produced for the term “árabe” in Baroja’s 384,957 words corpus, 
Ibáñez’s 1,118,883 words corpus, and in Unamuno’s 198,403 words corpus. From this figure, we clearly see that the 
search term appears in the middle of the screen, whereas the context is displayed to the left and to the right of the term. 
This technique saves quite a lot of time going back and forth across the corpus in an effort to determine the contextual 
relevance of a particular term. The search word or the “node” is read vertically not horizontally. Atkins, Fillmore, and 
Johnson (2003) argued that such method can help us detect “(1) the syntactic contexts in which the node occurs, (2) the 
semantic properties of the node’s syntactic companions, and (3) the membership of the node in classes of semantically 
similar words.”  
 
 
Figure 3. KWIK concordance for the word “árabe” as used in the corpora of Pío Baroja (a), Vicente Blasco Ibáñez (b) and Migue l de Unamuno (c) 
 
From Figure 3, we see that the word “árabe” has been used eight times in Baroja’s 384,957 words corpus. We present 
here the eight occurrences with their Arabic translation. 
1. “... ironía burlona, que el poco éxito de mi amigo Ribero entre las damas dependía de que era rubio, con un tipo 
común de suizo o de francés, y las señoras y señoritas esperaban un español, moreno y lánguido, con aire de árabe. A 
pesar de esta primera impresión, Ribero siguió visitando la casa y se hizo amigo de todos.” 
"ب عيشي ام وهو ،رقشأ هنوك ىلع دمتعا دق تاديسلا عم وريبير يقيدص هققح يذلا ليئضلا حاجنلا نأ ردقلا ةيرخس نمو ىلع ،نييسنرفلا وأ نييرسيوسلا ني
 وريبير لصاو دقف ،لولأا عابطنلاا اذه نم مغرلا ىلعو .ةيبرع حملام عم نوللا رمسأو ةيئاقلتب فرصتي ينابسإ ىتف نرظتني تايتفلاو تاديسلا تناك نيح
عيمجلا عم تاقادص نيوكتو لزنملا ةرايز".  
2. “...los necesarios para un hombre que podía vivir como un árabe del Desierto en una tienda de campaña.” 
".ءارحصلا يف يبرعك ةميخ يف شيعي نأ لجرل حيتت يتلا تايرورضلا يهو" 
3. “Recorrimos la calle de los Francos y fuimos por una callejuela de casas blancas, con puertas y ventanas 
herméticamente cerradas. Antes de llegar al barrio árabe nos detuvimos en una casa baja y muy larga, con celosías 
pintadas de verde.” 
 ضفخنم لزنمب انفقوت ،يبرعلا يحلا ىلإ لصن نأ لبقو .ماكحإب ةقلغم ذفاونو باوبأ عم ،ءاضيب تويب نم قاقز ربع انيضمو ،ةجنرفلا عراش يف انلزن"
ك نإو ،ءانبلادادتملاا غلاب نا".  
4. “El coronel ha leído su despacho y ha mandado al dragomán que lo traduzca al árabe.” 
".ةيبرعلا ىلإ اهتمجرتل مجرتمب لسرأو ،هتلاسر لينولوكلا أرق" 
5. “Si aceptas, si encuentras bien la idea, te proclamarán general en jefe y presidente de la Junta; yo seré tu segundo y 
mandaré la caballería. ...... Se lo dije a Chiaramonte y le pedí que me dejara una preciosa jaca árabe que tenía. —Sí, ya 
lo ... Le pondré la mejor silla y arneses, y yo iré también con un caballo muy bonito.” 
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"،كلذ تلبق اذإ يركسعلا سلجملل ًاسيئرو ًاماع ًادئاق كونلعي فوسف ،ةركفلا كتقار اذإ يأ .ةلايخلا ةبيتك لاسرإ ىلوتأو ىنميلا كعارذ انأ نوكأ فوسو ...
"...ليصلأا يبرعلا هرهم يل كرتي نأ هنم تبلطو يتنومارايش تربخأ دقل 
6. “Al día siguiente se habló en Alejandría de la jaca árabe, montada por un oficial de marina inglesa…” 
"...يزيلجنا ةيرحب طباض هيطتمي يذلا يبرعلا رهملا نع ةيردنكسلإا يف ثيدح كانه ناك يلاتلا مويلا يف" 
7. “... Alquilé dos borriquillos y un criado o zami: fuimos al barrio árabe y pasamos por la puerta de la Columna.” 
".دومعلا باب نم انررمو يبرعلا يحلا ىلإ انيضمو ،ًامداخو ،لاغبلا نم نينثا ترجأتسا" 
8. “…su suegro y él en la más extraña jerigonza que imaginarse puede; una mezcla de árabe y castellano arcaico que 
sonaba a algo muy raro.” 
".ثدح ت برغأ ب ة ناطر نك م ي اهل ي خ ت ؛ طي ل خ نم ةي برع لا ةي لات ش ق لاو ةم يدق لا يت لا تد ب اه نأ كو ءيش  ب يرغ ادج" 
From the same figure, we note that word “árabe” has been used eleven times in Ibáñez’s 1,118,883 words corpus. We 
present here the eleven occurrences with their Arabic translation. 
1. “Se sentó en un banco de piedra, y allí, contemplando con el mismo arrobamiento que un árabe soñador las 
tornasoladas vedigas de azulado humo que su cigarro arrojaba en el espacio,” 
"...ءاضفلا ريني وهو قرزلأا هراجيس ناخد يبرع ملاح لمأتي امك رملأا لمأت كانهو ،رجح نم يسرك ىلع سلج" 
2. “un confuso cosmopolitismo y allí se codea, el ruso con el brasileño y el árabe con el yanqui. Ese es el París de los 
cafés, el París de los teatrillos desvergonzados, de las bandadas de cocottes, de los restaurants que admirarían a 
Gargantúa; el París que dice al mundo entero con acento dictatorial…” 
 ،دنهلا زوج راجشأ ،ةنيشملا حراسملا سيراب ،يهاقملا سيراب اهنإ .يكيرملأاب يبرعلاو ،يليزاربلاب يسورلا يقتلي ثيح ةشوشم ةيناتيلوبومزوك اهنإ"
 يتلا سيراب ،ماعطلل مهن هيدل نم لك ةيهش ريثت يتلا معاطملاوةيروتاتكد ةجهلب هلك ملاعلا بطاخت".  
3. “Cuando llegaron a la terminación de la avenida del Observatorio, vieron que la concurrencia en el bulevar iba 
engrosando y que todos marchaban en la misma dirección. Al volver un ángulo, apareció Bullier, con su fachada árabe 
alumbrada por hileras de llameante gas, encerrado en vasos de colores…” 
 ةيبرعلا هتهجاوب ،هييلوب رهظ فطعنملا دنع اورادتسا امدنعو .هاجتلاا سفن يف ريسي ًاريبك ًادشح اورصبأ ،دصرملا قيرط ةياهن ىلإ اولصو امدنعو"
و ،لعتشملا زاغلا ليدانق نم فراخزب ةءاضملا ةنولم تاواكشمب ةاطغملا" ..  
4. “La falla es la fiesta popular por excelencia: una costumbre árabe, transformada y mejorada a través de los siglos 
hasta convertirse en caricatura audaz.” 
".ءيرج روتوكيراك ةباثمب حبصيل نورقلا رورم عم نسحتو لدبت يبرع ديلقت هنإ . عزانم لاب يبعشلا ديعلا وه لاخلا" 
5. “la arquitectura árabe extiende sus graciosos arcos de herradura en el trítono, que corre por todo el ábside tras el 
altar mayor, siendo obra de Cisneros, que quemaba los libros de los musulmanes y restablecía ...” 
 لمع نم وهو ،يسيئرلا حبذملا نم يولعلا ءزجلا ربع دتمي يذلا ،نوتيرتلا يف ناصح ةودح لكش ىلع ةيلدتملا ةقينلأا اهساوقأ  ةيبرعلا ةرامعلا دمت"
داعتساو نيملسملا بتك قرحأ يذلا سورينسيس"...  
6. “Los filósofos griegos, próximos a desaparecer en el olvido, se salvaban siguiendo al árabe invasor en sus 
conquistas. Aristóteles reinaba en la famosa Universidad de Córdoba. Nacía el espíritu caballeresco entre los árabes 
españoles, apropiándoselo después los guerreros del Norte…” 
 تدلو اذكهو .ةريهشلا ةبطرق ةعماج وطسرأ داس اذكهو ،نايسنلا بهايغ يف اوفتخا ام ناعرس نيذلا ، قيرغلإا ةفسلافلا ىلع يبرعلا حتفلا ظفاح دقل"
دعب اميف لامشلا وبراحم اهسبتقا يتلا حورلا يهو ، نابسلأا برعلا نيب ةيسورفلا حور"...  
7. “Sociedad nueva, con cultivos, industrias, ejércitos, conocimientos científicos, etc. ¿Y esto quién lo hizo sino 
España, aquella España árabe-hebreo-cristiana de los Reyes Católicos? El Gran Capitán enseñó al mundo el arte de 
guerrear moderno; Pedro Navarro fue un ingeniero asombroso…” 
 كولملا ةرمإ تحت ةيحيسملا ـ ةيربعلا ـ ةيبرعلا اينابسإ ريغ كلذ لعف نم نكل .كلذ ىلإ امو ةيملع ةفرعمو شويجو ةعانصو ةعارز عم ديدج عمتجم هنإ"
 ًاقومرم ًاسدنهم ورافان وردب ناكو ،ةثيدحلا برحلا نف ملاعلا ميظعلا ناطبقلا ملع دقل ؟ كيلوثاكلا".  
8. “Pero antes de morir los Reyes Católicos ya empieza la decadencia al descuartizarse el cuerpo joven y robusto de 
la España árabe, cristiana y hebrea. Tiene usted razón, don Antolín: por algo se llamaban Católicos aquellos reyes. 
Establece la Inquisición doña Isabel con su fanatismo de hembra.” 
 :نيلوطنأ نود اي قح ىلع تنأ . ةيربعلاو ةيحيسملاو ةيبرعلا اينابسلإ ىوقلا يتفلا دسجلا هيوشتب طاطحنلاا رصع أدب ، كيلوثاكلا كولملا ةافو لبقو نكلو"
كيلوثاكلا كولملاب كئلوأ ةيمستل ببس كانه ناك دقل .يوثنلأا اهبصعتب ليبازيإ انود دي ىلع شيتفتلا مكاحم تسسأت دقل".  
9. “Aquí, por donde ha pasado el arte romano, el bizantino, el árabe, el mudejar, el gótico y el Renacimiento, todas 
las artes de Europa…” 
".ابروأ نونف ةفاك يف ،ةضهنلا رصع نونف نع ًلاضف ، يطوقلاو نجدملاو يبرعلاو يطنزيبلاو ينامورلا نفلا لغلغت انه" 
10. “En la sala capitular, mezcla de arquitectura árabe y gótica, admiraban los visitantes la doble fila de arzobispos 
toledanos pintados en la pared con mitras y báculos de oro. Gabriel llamaba la atención sobre don Cerubruno, el prelado 
medieval llamado así por su enorme cabeza.” 
 ىلع نيموسرملا ةلطيلط ةفقاسأ ءاسؤرل نيجودزملا نيفصلاب مهباجعإ راوزلا يدبأ ،ةيطوقلاو ةيبرعلا ةرامعلا نم جيزم يهو ،ةيسيئرلا ةلاصلا يفو"
بهذلاب يلطملا رصقلا رادج .هسأر ةماخضل كلذك ىمس يذلا ، ىطسولا نورقلا فقسأ ،ونوربوريس نود ةروص ىلإ هابتنلاا لييرباغ تفلو".  
11. “Violentas contorsiones. Dudaba entre romper una ánfora árabe, proxima, o abalanzarse sobre aquella Cabeza.” 
".سأرلا كلت ىلع ضاضقنلاا وأ ، ةرواجملا ةيبرعلا ةروراقلا رسك نيب ددرت" 
Finally, we note that word “árabe” has appeared just once in Unamuno’s 198,403 words corpus. We present here this 
occurrence with its Arabic translation. 
1. “Ah, pues haz lo que dice el refrán árabe: Si vas a detenerte con cada perro que te salga él ladrar al camino; nunca 
llegarás al fin de él.” 
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"'.هتياهن ىلإ ًادبأ لصت نلف ،قيرطلا يف كيلع حبنيل جرخي بلك لك عم تفقوت نإ': يبرعلا لثملا هلوقي امب ًاذإ يلمعإ ، هآ" 
From the concordance analysis, we see that the word “árabe” has been used only twenty times across a large corpus 
comprising 1,702,243 words representing nineteen works by the three Generation of ’98 Spanish writers. Baroja’s usage 
of the word focuses on some stereotypical characteristics like tents in the desert, the Arabic quarter in a city, or the Arab 
horse. Ibáñez’s 1,118,883 words corpus uses the word “árabe” to signify the important intellectual contribution played 
by the Arabs in the history of Spain. Thus, the word is used in some historical and architectural contexts. The writer 
also highlighted the role of the Arabs in preserving the Greek’s philosophical heritage in Spain and their influence on 
Spanish culture and music. Finally, Unamuno only used the word “árabe” only once. Not surprisingly, he used it within 
a philosophical context by referring to an Arab proverb in his philosophical novel “Niebla” or “Fog.” 
C.  Multidimensional Scaling and Principal Component Analyses 
Borg and Groenen (1997) noted that multidimensional scaling (MDS) can be used to visually detect complex patterns 
in high-dimensional datasets. MDS shows the structure of distance-type data in a two-dimensional graph by arranging 
points in space based on similarities between different objects. Following Cha, Kim, and Lee (2009), we used MDS to 
map the relationships among sub-corpora through the construction of a low k-dimensional space based on perceived 
similarities or dissimilarities among the set of sub-corpora. The alternating least squares approach to scaling (ALSCAL) 
algorithm (Zsoka, Szerenyi, Szechy, & Kocsis, 2013) is used in this study since this algorithm has been shown to 
optimally compute the Euclidean distances between objects in the k-dimensional space. 
Figure 4 shows the resulting MDS for the three Generation of ’98 writers corpora. From this figure, we see that the 
bottom left hand corner includes all the novels written by Pío Baroja (El aprendiz de conspirador, Los Caminos del 
Mundo, Los Caudillos de 1830, Con la Pluma y con el Sable, Los Contrastes de la Vida, Las Furias and Mala Hierba). 
The uper left hand corner includes all the novels written by Vicente Blasco Ibáñez (La araña negra, Arroz y tartana, La 
Catedral, Los enemigos de la mujer, Entre naranjos, La horda, and La maja desnuda). Finally, the right-hand corner is 
dominated by Miguel de Unamuno’s works (Abel Sánchez: Una Historia de Pasión, Amor y Pedagogía, Niebla, La Tía 
Tula, and Tres novelas ejemplares y un prólogo). This result confirms the fact that although the three authors belong to 
the Generation of ’98, every author had shown different and distinct linguistic and stylistic features. The principal 
components graph shown in Figure 5 demonstrates basically the same results. 
 
 
Figure 4. Multidimensional scaling (MDS) for the corpora used in the study 
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Figure 5. Principal components analysis (PCA) for the corpora used in the study 
 
D.  Cluster Analysis and Consensus Trees 
To cluster sub-corpora of the three Generation of ’98 Spanish writers, the Ward’s method was used. This method 
generates a set clusters based on proximity of sub-corpora, which allows the detection of which sub-corpora were the 
most similar. A dendogram showing how the sub-corpora clusters are formed is shown in Figure 6. From this figure, we 
can detect three clearly distinguished clusters. The first cluster comprises all five novels by Miguel de Unamuno (Abel 
Sánchez: Una Historia de Pasión, Amor y Pedagogía, Niebla, La Tía Tula, and Tres novelas ejemplares y un prólogo). 
The second cluster includes all seven novels by Pío Baroja (El aprendiz de conspirador, Los Caminos del Mundo, Los 
Caudillos de 1830, Con la Pluma y con el Sable, Los Contrastes de la Vida, Las Furias and Mala Hierba), whereas the 
third cluster includes all seven novels by Vicente Blasco Ibáñez (La araña negra, Arroz y tartana, La Catedral, Los 
enemigos de la mujer, Entre naranjos, La horda, and La maja desnuda). This result confirms the results of other 
statistical techniques used such as the PCA and the MDS. Thus, it seems that each of the three authors shows different 
and distinct linguistic and stylistic features. 
Finally, a Delta-normalized bootstrapped cluster analysis was used to generate a consensus tree (Hoover, 2004). This 
tree shows distances between the three Generation of ’98 Spanish writers sub-corpora. In this study we used the 
similarity between sequences of most-frequent-word frequencies (MFW) to generate the bootstrapped consensus tree 
shown in Figure 7. Burrows (2002) has shown that bootstrapping can alleviate several problems attributed to the 
original Delta-normalized method. Following Rybicki and Heydel (2013), personal pronouns were removed to avoid 
possible false attributions. From Figure 7 it is clear that three branches are formed for the three authors. Each branch 
includes all the novels by the relevant author, which again confirms the distinct stylistic and linguistic patterns used by 
each author. 
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Figure 6. Hierarchical cluster analysis for the corpora used in the study 
 
 
Figure 7. Bootstrap consensus tree for the corpora used in the study 
 
V.  CONCLUSIONS AND IMPLICATIONS 
By performing important tasks such as determining word clusters, concordances, sub-categorizations, stylometry 
plays a major role in the study of style and linguistic patterns. Stylometry can also be used to validate linguistic and 
stylistic hypotheses. In this study, we used corpora of nineteen works representing three Spanish Generation of ’98 
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writers to investigate their stylistic and linguistic differences. Our corpora were designed to satisfy several rigorous 
criteria such as genre, register, authorship, and topic. We argue that our computational stylometric approach might help 
in obtaining context-specific information regarding syntactic and semantic usage of the term “árabe” by Spanish 
Generation of ’98 writers. 
Translators can exploit the corpora used in this study in several ways. For example, they can refer to concordances to 
find a suitable translation for a particular term. Miangah (2012) argued that “adjectives that collocate with nouns have 
been proven to be very useful in understanding the context.” This is particularly true when traditional dictionaries do 
not suggest a suitable translation. Boulton (2012) shows the inherent limitations of traditional dictionaries as opposed to 
corpora using the following French example «Je suis paralysé entre le brûlot et la chanson d'amour.» A dictionary 
offers the following possible meanings for the term “le brûlot”, “fire ship”, “pamphlet”, or “gnat”. However, the author 
used a large corpus to show that a good translation would be “rebel”, “revolutionary”, or “protest”. In fact, this is what 
Renaud, the faous French singer, is famous for. Thus, Wright (1993, p. 70) noted that “documents must speak ‘the 
language’ of the target audience and should resemble other texts produced within that particular language community 
and subject domain. These considerations frequently require that translators move beyond merely correct strategies in 
terms of lexical and grammatical content in order to account for stylistically appropriate solutions.” This is probably 
true since a translator is basically a text producer. Thus, in the first place, a translator should be able to envisage how 
words are used and how they relate to other words in a particular context. 
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